Background In recent years, the term 'resilience' has gained increasing currency in discussions of emergency preparedness. This review identifies key concepts and explores the relevance of resilience for disaster planning and public health protection.
Background and Aim
The word 'resilience' is increasingly being used to describe a quality previously encompassed by terms such as 'preparedness, business continuity or civil protection', 1 exemplified by Yet current understandings of 'resilience' derive from a number of additional sources. The term has a technical definition in physics, denoting the amount of energy a material can hold under elastic strain before permanent distortion or 7 its use in relation to the evaluation of responses to the failure. Post-war psychologists adopted the word as a conattacks on New York and Washington in September 2001 venient metaphor for describing the capacity of individuals 8, 9 and Hurricane Katrina in the USA, 2, 3 as well as a range of to continue functioning in the face of adversity. The inspiinternational crises from the 2004 Indian Ocean Tsunami, to the ongoing HIV/AIDS epidemic in sub-Saharan Africa. 4, 5 Resilience now forms a key element of the United Nations International Strategy for Disaster Reduction ration for much of this literature can be traced back to the Holocaust, with observations that some concentration camp survivors were much more able to withstand the trauma they experienced than others, and to studies of children who 9 -12 (UNISDR). 6 Despite its growing use in increasingly diverse survived dysfunctional family situations. While numerareas, what does 'resilience' actually mean? Dictionary definitions of the word refer to the innate property of an object or person to bounce back after a disturbance (latin: resilire, to 'leap back'). In the disaster-planning context, use of the term carries the same sense, shifting emphasis away from external emergency planning and recovery measures, and towards the intrinsic capacity of individuals, populations and infrastructure to resist and rebound from shocks.
were identified, the importance of a positive overall social context has been repeatedly emphasized in this work, 13, 14 allowing the scope of the concept to expand to encompass entire communities and populations. 15, 16 Paralleling this development, an analogous interpretation of resilience has increasingly been applied within the natural sciences. From the 1970s, ecologists have used the term to describe the properties of robustness and adaptability of entire natural systems, later broadened to include the human elements of managed ecosystems (and thus overlapping with notions of resilience from the social sciences). 17, 18 In recent years, the term has spread to an array of other disciplines, including urban planning, economics and engineering. 3, 19, 20 While a psychologist's understanding of 'resilience' will differ from that of a construction engineer or an ecologist, all of these interpretations are potentially relevant to the protection of public health. This poses a challenge to those working in the specialty, who may come across the term in a number of different settings. Fortunately, in recent years, a number of broad-based, inclusive definitions of resilience have emerged that draw on many of these diverse concepts. 16, 21 In this paper, we review these concepts and discuss their utility in the context of community disasterpreparedness and health protection.
Methods
A systematic literature review was carried out between 16th and 24th May 2010 to answer the following question:
What does 'resilience' mean in the context of health protection and disaster planning?
The following databases were searched: 
Results
The initial electronic search produced 296 unique abstracts that were subsequently screened for inclusion criteria (a) and (b). A full text search of the resulting 146 articles identified 54 for inclusion in the review after the remaining criteria were applied. An additional seven articles were identified from the reference lists of included studies; so a total of 61 articles were included in this review.
Resilience concepts identified in the review
The following concepts of resilience were identified repeatedly in the articles reviewed. Table 1 provides representative definitions for these concepts and indicates their relevance to public health.
(i) 'Disaster resilience' describes the capability of a community or society to resist and recover from a disaster. 21 (ii) 'Community resilience' describes the capability (or process) of a community adapting and functioning in the face of disturbance. 16 (iii) 'Ecosystem' or 'social -ecological resilience' describes the capacity of natural and social systems to absorb disturbance while remaining within the same functional state.
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(iv) 'Infrastructure resilience' describes the capacity of built infrastructure to continue functioning during disasters. This might include roads, buildings and bridges. 23 (v) 'Individual' or 'psychological resilience' describes the capacity of individuals or groups of people to cope with adversity and continue functioning. 24 A number of other usages of the term were identified in a smaller number of papers, often applied in narrower contexts: Table 1 Resilience concepts
Concept
Representative definition Relevance to public health protection Study Total
Community resilience '. . . a process linking a set of adaptive capacities to a positive trajectory of functioning and adaptation after a disturbance.'
Norris et al. 16 Disaster resilience 'The ability of a system, community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and restoration of its essential basic structures and functions . . . [comment] determined by the degree to which the community has the necessary resources and is capable of organizing itself both prior to and during times of need.' UNISDR 6 Social -ecological resilience 'Resilience is the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain essentially the same function, structure, identity, and feedbacks.' Walker et al. 22 The overall physical and mental health of a population partly determines its resilience.
Many social and economic determinants of health also influence community resilience.
Health aspects of emergency planning and disaster management (including emergency medical services, health service business continuity, sanitation).
The capacity of public health systems to cope with broad societal and environmental changes; links between biodiversity and health, and climate change and health.
Cabinet Office 1 18 Chandra et al. 43 Wood and Soulard 36 Plodinec 49 Edwards 50 Mendes and Tavares   33 Leonard et al. 51 Schoch-Spana 39, 52 Norris et al. 16 Ebi and Semenza 53 Gilbert 54 Reissman et al. 55 Coles and Buckle 56 Dawes et al. 2 Bruneau et al. 57 Paton et al. 58 Buckle et al. 59 Stevens et al. 60 
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Jang and Wang 61 Chhibber and Laajaj 35 Chen et al. 47 Fundter et al. DeFur et al. 38 Bauer 66 Adger et al. 15 Walker et al. 22 Continued before, during, and after disasters.
Sustaining hospital and health care system Paton et al. 5 Larkin and ld 69 Paton et al. 70 Gifun and das Frattini et al. 29 Xie et al. 25 Batniji et al. (i) 'Network resilience' describes fault tolerance in a physical network-such as communications, water or power systems. 25 (ii) 'Urban resilience' and 'organizational resilience', respectively, describe the capacity of a city/urban area, or of organizations, to resist and recover from disturbances. 3, 19 (iii) Other usages vary according to context; 'engineering resilience' in the ecological literature describes the rapidity of a system's return to equilibrium after a disturbance; 22 a number of articles applied resilience to specific circumstances or settings ( flood resilience, healthcare resilience and military resilience) 26 -28 and the term system resilience was frequently applied alongside the aforementioned resilience concepts, highlighting the complex, interdependent character of communities and their infrastructure. 23, 29, 30 Common elements in descriptions of resilience
There is a striking degree of commonality in the terms used to describe the different concepts of resilience, even across very different disciplines.
The importance of 'communication' was stressed in most articles, whether in the form of physical telecommunication systems, organizational lines of communication between people and agencies involved in disaster recovery, or in the social networks that promote community cohesion. 3,31 -33 'Learning' and 'adaptation' were frequent themes. This 'adaptive capacity' takes many forms, from education on disaster risk in schools, 34 to the flexibility to reprogram computers in a network to rapidly respond to malicious 'denial-of-service' attacks. 25 Other recurrent elements include public 'risk awareness', 33 -36 'trust' and 'social cohesion' ('social capital'); 31 Examples of these components of resilience are found in Table 2 .
Key concepts
Community and disaster resilience are, in practice, largely synonymous terms. Both are inclusive and holistic concepts, capable of incorporating most other descriptions of resilience identified in the review. The notion of community resilience developed, in part, from the recognition that many of the protective factors that enhance the psychological resilience of key groups of individuals facing adversity, such as vulnerable adolescents, operate at the community level; 13, 16, 24 yet the concept can be readily extended to include elements from different disciplines concerned with managing crises. These might include the fault tolerance of power, water and communications networks; the survivability of buildings, bridges and other physical infrastructure; organizational preparedness and good governance; and less tangible but important factors such as public trust and social cohesiveness. These components contribute to a desirable (normative) ideal of 'community resilience' to potential disasters. Social -ecological resilience overlaps with the previous concepts, but places human society firmly in the context of its wider habitat. It reflects the buffering capacity of the physical and natural environment, combined with the adaptive capacity of the people within it. Resilience is the degree to which a social/ecological system can sustain itself in the face of disturbance before crossing a critical threshold, leading to failure and loss of structure and identity. 22 Originally derived from empirical observations and mathematical modelling of natural ecosystems, it conveys the properties of both resistance and adaptation to those external forces acting to change the status quo. It does not include the process of recovery from a disaster, and is neutral in relation to the desirability of a society's current functional state.
These concepts can be applied in many diverse settings. Inclusive notions of resilience provide a framework for crisis planning that includes consideration of the wider physical, psychosocial and economic factors that help populations resist and adapt to both acute dangers-such as disease outbreaks, acts of terrorism, chemical incidents, extreme weather events or natural hazards-and to more gradual 'rising tide' public health threats, such as emerging infectious diseases or climate change.
Discussion Main finding of this study
Many concepts of resilience share common features, despite their origins in diverse disciplines. Many of the factors contributing to resilience will already be familiar to public health practitioners, as they also contribute to the wider social and economic determinants of health.
What is already known on this topic
There has been some convergence of the range of elements that constitute 'resilience thinking' in recent years, planned redundancy based on the use of several different providers proved to be false, as many systems were actually using the same physical infrastructure. When a major telecommunications hub was destroyed, many systems failed-but the internet (a distributed network with built-in redundancies) continued to function 2 Economic capacity and diversification Resource-poor rural regions in the Sahel were vulnerable to the effects of the 1972 -73 drought, leading to widespread famine. Prior to the drought government policy had an urban bias, and farmers were encouraged to grow cash crops for export rather than food for local consumption. However, agricultural diversification in the region since the 1970s has helped restore its resilience increasingly encompassing the importance of engaging with a community's own economic and environmental resources, social cohesion, interconnectedness and adaptability in the face of crisis. The UNISDR definition is noteworthy in capturing concisely most of the elements of resilience described in this review; it shares the inclusive nature of proposed 'community' definitions, 16 ,43 yet also references the idea of system stability, which is an important feature of social -ecological interpretations.
What this study adds
We propose that inclusive definitions of resilience, such as that used by the UNISDR, have value for emergency planners. While authorities still need to maintain their own readiness and plan for the resources they control, disaster response and recovery should be more effective when communities are resilient and able to contribute more from their internal resources. Conversely, the process of identifying communities that lack resilience should help planners match external resources to the areas of highest need-even if this is an inexact science.
For the communities themselves, promotion of resilience has significant rewards: disaster mitigation and avoidance are hardly the only benefits that follow from a robust and diversified economy, a healthy, well-educated and cohesive population, and a widespread readiness to adapt to the unexpected.
Limitations of this study
One problem that emerges from this review is the difficulty in determining how to evaluate resilience. Developing and then applying a universally agreed definition consistently across populations will be problematic when communities vary so widely in their size, structure and capacities, and in the range of potential health crises they face. These difficulties exist both within and across disciplines: differing approaches to quantifying individual resilience in the field of adolescent psychology point towards significant future challenges in evaluating the multidimensional aspects of resilience at the community and population levels. 45, 46 To date, this problem has been addressed by maintaining a narrow focus and considering specific regions facing known threats. 29, 47 Although promising qualitative and quantitative methodologies for determining community resilience have emerged, 40, 48 their generalizability remains unclear. Without some degree of standardization of methods and outcomes for assessing resilience, it will remain difficult to make meaningful comparisons between diverse communities facing potential crises, and there remains significant scope for further research in this area.
